The concentrations of the trace elements (TEs), Cu, Zn, Pb, As, Cd, Ni, were determined in parts of Rubus fruticosus L. and in topsoil, collected from eight different locations around the copper smelter in Bor, Serbia.
One of these plants is R. fruticosus L. or wild blackberry that is adapted to the ecological stress. The wild blackberry is one of the plants that is widely spread in the Bor municipality, and thus is suitable for the biomonitoring of pollution at suitable urban and rural areas when considering wind direction.
Plants are used as passive monitors in areas contaminated with TEs because of their ability to efficiently intercept and accumulate chemicals. Monitoring, assessment and analysis of TEs accumulated in plants and soil is dened as biomonitoring that allows an insight into the mobility and bioavailability of the observed TEs. 15 Passive biomonitoring of pollution using plants has been shown to be easy, low-cost and a readily accessible technique for the assessment of environmental pollution. 16, 17 In order to improve the use of plants as contamination biomonitors, it is necessary to accurately determine the relationship between the level of TEs in the plant tissue and toxicity in the organisms or ecological impacts on the society. 18 The soil and plant samples not only can offer information about the sampling time and localization, but also information about the inuence of uptake and accumulation of TEs on the plant. 19 Plants are in contact with soil and water through roots while through leaves they are in contact with air, which enables simultaneous interactions between three environments. Although it is hard to distinguish between the amount of the elements absorbed from the soil or air, it can be concluded that perennial plants reect cumulative effects of the polluted soil and air. 20 Moreover, this type of assessment provides data about the phytotoxicity of TEs when their critical concentrations in plants are exceeded. Thus, the combination of the data for the total TE concentrations in soils and plants that are growing in the contaminated soil constitutes a basis for identifying the TEs released into the environment and whether or not phytoremediation is necessary. 21 The numerous natural populations of R. fruticosus L. can be found all over the world because of their easy and quick reproduction. 22 In Serbia, R. fruticosus L. can be found in abandoned areas, contaminated soils and forest re sites. The blackberry root system penetrates deep into the ground (1 m or more) having higher resistance to drought. 23 This fact makes R. fruticosus L. a good candidate for phytoremediation. R. fruticosus L. has a relatively high resistance to contamination and several studies have shown successful growth and development of these plant species in contaminated soil. [24] [25] [26] [27] [28] [29] [30] Also, in many studies R. fruticosus L. was presented as a bioindicator of emissions from motor vehicles, 26 increased concentrations of lead in soil, 31 industrial pollution, 25, 29 pollution in urban areas, 24 and TEs of abandoned mine areas and otation tailings. 28, 32 However, a few studies have examined the accumulation of TEs in R. fruticosus L.
In this study, we observed that R. fruticosus L. was widely distributed and exhibited no visible signs of toxicity in the contaminated soils around the Bor smelting complex. Therefore, we investigated R. fruticosus L. as a potential biomonitor for TEs. The contents of the latter in this plant and soil samples were measured along transects emanating from the smelter as the primary pollution source.
B Materials and methods

Site description
Geographical coordinates of the Bor town in Eastern Serbia are [44 25 0 N] latitude and [22 06 0 E] longitude. The Mining and Smelting Complex Bor (RTB Bor), as a predominant industry in the Bor municipality, is located on the northeastern edge of the town. The climate in the Bor area, which is surrounded by the mountains Crni Vrh, Stol, and Veliki and Mali Krš is moderately continental while the height above sea level of the town and the mountain peaks is 378 m and <1000 m, respectively. The mean annual values of the meteorological parameters in 2012 (when samples were collected) were: air temperature 11.34 C, atmospheric pressure 971.6 mbar, relative humidity 65.75%, precipitation 673.5 mm m À2 , wind speed 0.62 m s À1 and nowind period 57.6%. In this mountainous area, the dominant winds are the west (W), the west-northwest (WNW) and the northwest (NW), as depicted by the rose plot in Fig. 1 . Wind direction inuences the distribution of pollutants from the industrial facilities to the town Bor and its surrounding areas.
In this study, samples of the soil and R. fruticosus L. were collected from eight different sites ( Fig. 1 ). The urban-industrial (UI) zone included four sampling sites: the old otation tailing pond (FJ, Flotacijsko Jalovište), the hospital settlement (BN, Bolničko naselje, near the city hospital) and the two suburbs namely, the settlement ''Sun'' (NS, Naselje Sunce) and Slatina settlement (SN, Slatinsko naselje). These sampling sites are located close to the copper smelter, and thus the main source of pollution. Four more sites included three rural settlements [Oštrelj (O), Slatina (S) and Dubašnica (D)] and one control site Gornjane (G) that also represents a rural settlement and an unpolluted area 19 km far from the Bor town. This area is naturally protected from pollution by the mountain Veliki Krš.
Sample collection
The sampling of R. fruticosus L., its parts and the topsoil was performed at each location in late September/October in 2012. Each part of R. fruticosus L. (roots, leaves, stems and fruits) and the soil sample (0-30 cm from the rooting zone) were a composite of 3-5 subsamples. Root samples were thoroughly washed with tap and distilled water. The above-ground parts of R. fruticosus L. were carefully cleaned from dust and visible particles using a brush without further washing with water. All the samples were dried to a constant weight at the room temperature. The dried material was ground in a laboratory mill, passed through a 2 mm sieve, homogenized and stored in paper bags prior to analysis.
Sample preparation and analysis
Sample mineralization and analysis were conducted as it was described by Alagić et al. 8 According to a microwave-assisted strong acid digestion method of complex matrices recommended by the US Environmental Protection Agency (USEPA method 3052), all samples (1 g of each) were digested by using nitric acid (65% HNO 3 , Merck, Darmstadt) and hydrogen peroxide (10% H 2 O 2 , Merck, Darmstadt) in a microwave digestion system ETHOS 1 (Milestone, Bergamo, Italy). Aer cooling, the nal solutions were ltered, and diluted to a volume of 50 mL using double-distilled water. The solutions were kept in polyethylene bottles at 4 C before TE analysis by ICP-OES. To avoid any contamination, the bottles were treated with 5% nitric acid and washed with ultra-pure water 0.05 mS cm À1 (MicroMed high purity water system, TKA Wasser auere itungs systeme GmbH).
The instrumental analysis was performed on an iCAP 6000 inductively coupled plasma optical emission spectrometer (Thermo Scientic, Cambridge, UK) with an Echelle optical design and a charge injection device (CID) solid-state detector. The calibration curves were obtained using a multi-element standard solution of about 20.00 AE 0.10 mg L À1 (Ultra Scientic, USA). All results were calculated on a dry weight basis (mg kg À1 DW).
The soil pH and electrical conductivity (EC), in solutions prepared as solid : distilled water ¼ 1 : 2.5, were determined using a pH meter (3510 Jenway, UK) and an EC meter (4510 Jenway, UK), respectively. The content of soil organic matter (OM) was determined by the loss-on-ignition (LOI) method at 550 C. 33 
Data processing and statistical analysis
The enrichment factor (EF soil ) represents the accumulation of a potentially toxic element (one of the TEs) in soil due to local industrial activities that can inuence its uptake by plants. Hence, the enrichment factor (eqn (1)) represents the ratio of a certain element in the soil relative to the abundance of the same element at the control site: 34, 35 EF ¼ C n =X n C r =X r (1) Open Access Article. Published on 21 January 2016. Downloaded on 3/9/2020 10:09:25 AM. This article is licensed under a Creative Commons Attribution 3.0 Unported Licence.
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where C n , and X n , are the concentrations of the element and the reference element (Fe) in the soil sample, respectively, while C r and X r are concentrations of the element and the reference element in the control soil sample. We used Fe as a reference element. 36 To determine and compare the level of soil pollution, EFs are classied into ve categories according to Sutherland, 37 as follows: depletion to minimal enrichment (EF < 2), moderate enrichment (EF ¼ 2-5), signicant enrichment (EF ¼ 5-20), very high enrichment (EF ¼ 20-40) and extremely high enrichment (EF > 40). The enrichment factor of R. fruticosus L., EF plant , was calculated in order to assess the degree of anthropogenic inuence (eqn (2)), i.e. which elements were relatively enriched in the different samples of the plant: 8,34,38
where C p and X p are the concentrations of elements in plant parts at the polluted site and at the control site, respectively. It is considered that EF plant > 2 indicates enrichment of the plant parts. 34 The ratios of concentrations between plant parts, R, were estimated using eqn (3)-(5), where R > 1 indicates pollution via atmosphere: 39
The results for the total concentrations of TEs are presented as a mean and standard deviation ( Table 1 ). The mean value of three replications is reported. All the data were analyzed using the statistical package SPSS 17.0 for Windows (SPSS Inc., USA) considering two-tailed statistical signicance at a 95% condence interval. Pearson's correlation coefficients were used to evaluate statistical relationships among soil samples, soil parameters (pH, EC and OM) and plant variables in order to group the similar variables. Principal component analysis (PCA) was performed to transform the original variables into orthogonal components; the Varimax rotation and Kaiser criterion (eigenvalues > 1) were applied and loading coefficients $0.100 were used to dene the different relationships between TEs in plant parts and soil.
C Results and discussion
Soil
The total concentrations of Cu, Zn, Pb, As, Cd and Ni, pH values, EC and OM determined in soil samples are given in Table 1 (Fe is not reported; it was used only to estimate EF soil ). According to the classication of soil pH recommended by the United States Department of Agriculture, 40 our soil samples ranged from extremely acidic (pH < 4.5) to slightly alkaline (pH ¼ 7.4-7.8), while the soil sampled at the control site G may be deemed as neutral (pH ¼ 6.69). Acidic soil is a consequence of the high content of sand fraction with low cation exchange capacity and the presence of pyrite from which cations are leached under the inuence of the large amounts of rainfall in the mining and tailing areas. 12 The content of OM in the soil ranged from 7.2% to 23.4%. The EC values are relatively low (0.07-0.44 mS cm À1 ) and comparable with the values determined by Brunetti et al. 41 for the polluted soil (0.2-0.7 mS cm À1 ) and the values for Cu and Pb mine soils determined by Bech et al. 1 (0.2 mS cm À1 ).
As seen in Table 1 and when compared with the control site G, much higher concentrations of Cu, Zn, Pb, As and Cd were observed in all soil samples, being highest for Cu. High concentrations of TEs (almost all sites) may be a consequence of the degradation of the parent ore and contamination caused by mining-metallurgical activities that have lasted more than 100 years in this area. The highest total concentrations of Cu, Pb, As and Cd (2210, 260, 148, and 6.5 (mg kg À1 )) were recorded at site BN followed by site FJ closest to the Bor copper smelter. The largest concentrations of Cu determined at the site FJ and BN coincide with the hypothesis of Kabata-Pendias, 42 that in highly acidic soil, concentrations of Cu increase in the soil solution (Table 1) .
From the data in Table 1 it can also be seen that the Cu concentration at site S (6.5 km far from the copper smelter) is approximately the same as that at the sites closest to the smelter, namely FJ and BN. Soil contamination at site S can be explained by the emission of the pollutants downwind from the industrial area (the dominant direction is W and WNW, Fig. 1 , wind rose). The highest concentration of Zn (307 mg kg À1 ) was observed at NS, for Ni (53.4 mg kg À1 ) it was at D and the highest values for other three elements (Pb, As and Cd) were observed at site BN. However, variation of Cd concentrations along the transect was not observed with nearly equal concentrations of Cd at FJ (0.7 km) and at site D (17 km) which suggests that Cd only partially originates from the Bor industry.
Since the studied sites are inhabited and include both rural and town settings, agricultural activities occur and thus it is helpful to compare the observed concentrations of TEs in soil with allowable values according to Kabata-Pendias 42 and Serbian legislation 43 ( Table 1 ). The total concentrations of certain elements exceed the MAC at the following sampling locations: Cu at sites FJ, BN, NS, SN, O, S at D; Zn at the site NS; Pb at FJ, BN and S; As at FJ, BN, SN and D; Cd at FJ, BN, NS, SN, S and D; Ni at the site D. Thus, the studied sites are generally highly polluted and require an immediate remediation. Table 2 , it can be concluded that soils are enriched the most for Cu and As, in the UI area, i.e. sites FJ, BN and SN, which is a consequence of the emission of the ue gasses and dust from the smelter plant.
Plant
The concentrations of TEs in all parts of R. fruticosus L. versus sampling site are presented in Fig. 2 . Except Ni, the TE concentrations of all parts of R. fruticosus L. at all sites were signicantly higher compared to the control site G. It has been established that the uptake and root-to-shoot translocation of elements depend mainly on the concentration of the elements in the soil, soil pH and plant type (ecotype and age). 44 Not surprisingly R. fruticosus L. accumulated Cu the most since Cu is the major element present in the soil of Bor municipality due to the pyrometallurgical processing and geology. The highest concentrations of Cu were determined in the stem 986 mg kg À1 , the root 961 mg kg À1 and the leaf 521 mg kg À1 at the site closest to the copper smelter. Also, high concentrations of Cu were determined outside the town at rural site S (692 mg kg À1 root, 507 mg kg À1 leaf and 419 mg kg À1 stem), which is in the direction of one of the most dominant western winds (Fig. 1,  wind rose plot) . Even though the concentrations of Cu in the soil were approximately the same as those at sites FJ and S, the concentrations of Cu in R. fruticosus L. at site FJ were much higher than that at site S. This can be assigned to the highly acidic soil at site FJ unlike the weakly alkaline area S (soil pH values are provided in Table 1 ) since Cu is strongly adsorbed onto the soil particles at high pH values and is less bioavailable for the plants compared under low pH conditions. 3, 4, 12 The highest concentrations of Cu at site BN were found in the leaves (391 mg kg À1 ) and the roots (259 mg kg À1 ), while at site SN they were 328 mg kg À1 in the stems and 243 mg kg À1 in the leaves. The highest concentrations of Zn in the roots were recorded at site FJ, and thus this essential element has no major impact on R. fruticosus L. as a pollutant. The highest concentration of Pb in the roots of R. fruticosus L. was recorded at site 
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FJ (68 mg kg À1 ). The highest value of Pb in the fruits (59.3 mg kg À1 ) was observed at site BN. High concentrations of the toxic element As were determined in the roots (32 mg kg kg À1 ) and leaves (35.3 mg kg kg À1 ) at site FJ, while increased concentrations of the same element were observed at sites BN and D. Higher concentrations of Cd were observed at site D (3.6 mg kg À1 , root) and FJ (3.58 mg kg À1 , root), while concentrations of Ni were highest at sites D (27.5 mg kg À1 , root), O (16.96 mg kg À1 , stem), FJ (13.8 mg kg À1 , root) and S (13.8 mg kg À1 , root). Therefore, site D 17 km far from the town is shown to be a polluted area, although it is considered as an ecological oasis in the Bor municipality. In all components of R. fruticosus L. (all sites) concentrations of Cu exceeded the phytotoxic values (20-100 mg kg À1 ), while As exceeded the phytotoxic values (5-20 mg kg À1 ) in the roots and the stems according to Kabata-Pendias. 42 Concentrations of Pb, Cd and Ni in almost all parts of R. fruticosus L. were above the normal range, thereby reecting that the developed plant accumulated increased concentrations of the toxic elements. Zn concentrations in all parts of R. fruticosus L. were in the normal range, except in the roots and leaves at site FJ, and in the roots at sites SN and S. Hence, we can conclude that R. fruticosus L. grows in the polluted soil without visible symptoms of toxicity and is able to withstand the high concentrations of TEs as a tolerant plant for the studied TEs. 24, 42 
Enrichment of plant parts (EF plant )
Conrmation of the geological origin of Ni is obtained from the EF plant values calculated for each plant part (Table 3) . For instance, the only two values that are somewhat higher than 2 are obtained for the roots at site D (EF plant ¼ 4.22) and for the stems at site O (EF plant ¼ 4.51). All other values for EF plant are very low. This may suggest that wild blackberry assimilated Ni through roots mainly from the minerals present in the soil according to their individual needs. 8 The enrichment of plant parts with Zn, Pb, As and Cd occurred relatively in all parts of the plant. Moreover, the most polluted locations are sites FJ, BN, SN and S. The highest EF plant for Pb are calculated for leaves, 45.68 (FJ), stems, 33.18 (S) and fruits, 24.70 (BN), while that for As occurred in the roots, 22.86 (FJ). Finally, the EF plant calculated for Cu showed the highest enrichment in all parts of the wild blackberry. EF plant reached extremely high levels of Cu at all sites. The highest EF plant observed are 56.2 (FJ) for the roots, 51.1 (FJ) for the stems, 27.7 (FJ) for the leaves, and 6.9 (BN) for the fruits. Based on the criterion EF plant > 2, it can be concluded that all elements, except Ni, originate from the anthropogenic source.
Ratios of TE concentrations between plant parts
The wild blackberry is a perennial, shrubby and thorny plant that, as it is previously mentioned, grows at different locations including contaminated ones. Therefore, it was interesting to investigate its ability for biomonitoring the atmospheric pollution since it grows at different sites that lack evergreen trees that are well-known as excellent indicators of pollution. 39, 45 As described in the experimental part of this work, the above-ground parts of the blackberry were not washed to assess the ability of the plant parts (stems, leaves, and fruits) to reect the direct effect of atmospheric pollution. 39 Table 4 shows the median of the tree ratios (R) for the six TEs at all sampling sites. R l/f has values >1, except for the control site (G) and are the highest at sites FJ, BN, SN and S as expected. Sites FJ and BN are the closest to the smelter chimneys and are exposed the most during a year (mostly in the windless periods, $60%) to atmospheric pollution, while sites SN and S are in the path of the dominant winds (W, WNW). Values for R l/s are >1 at almost all sites, while somewhat lower values are observed for R f/s . In general, the accumulation pattern of the TEs in the wild blackberry is: stem < fruit < leaf. Values for the three ratios imply that the aboveground parts of the blackberry can be used for pollution biomonitoring. The leaves of the blackberry exhibited the highest ability as indicators of atmospheric pollution. The reason for this is the fact that blackberry has leaves with a feather like nervature and lot of bumps, which are jagged around the rim, and on the opposite side are covered with hairs. This means that leaves have a high surface area that enables good absorption and adsorption of TE. It should be pointed out that blackberry fruits are directly consumed as food while the leaves are used for tea. Thus, it is very important to be careful in their consumption even in the areas that are relatively far from the pollution source. 
Soil correlation analysis
Correlations between TE concentrations in soil and pH, EC, OM and the distance from the copper smelter were examined. Robust and intermediate inter/element correlations were evident for all elements except Ni (p < 0.05, p < 0.01, Table 5 ); for example between Cu and Pb (0.86), As and Pb (0.92), Cd and Pb (0.88), and Cd and As (0.86). The signicant correlations between Cu, Zn, Pb, As and Cd in highly contaminated soils indicate a similar origin of these ve elements (anthropogenic source of pollution), while negligible correlations of Ni suggest that its source is primarily of geological origin. 7, 8, 45 Cu, Zn and Ni are signicantly correlated with EC reecting the presence of their ionic forms in the soil being bioavailable for the uptake by plants. On the other hand, concentrations of Pb, As, Cd and Ni are inversely dependent on the soil pH. Unfavorable pH leads to lower uptake through the roots and consequently lower concentrations of TEs accumulated in R. fruticosus L. The same was observed for Ni, Pb and As by Kabata-Pendias and Mukherjee 46 and Martínez-Sánchez et al. 47 The negative dependence on the distance for Cu, Zn, Pb, As and Cd identies the copper smelter as a major source of pollution. This has been reported previously for Cu. 36, 42, 48 Relationships between plant and soil
The matrix of Pearson correlation coefficients for TE concentrations in different blackberry parts are summarized in Table 6 and for their dependence on soil, pH, EC, OM and D in Table  S1 . † Since signicant correlations between TEs and pH were not observed, it is concluded that the soil pH did not affect the uptake of Cu, Zn and Ni by R. fruticosus L. By contrast, concentrations of Pb, As and Cd in all parts of R. fruticosus L. and soil pH values showed signicant negative correlations (p < 0.05, p < 0.01), which likely reect the competition related to the different absorption mechanisms in plants. 49 All elements in the stems, leaves and fruits (no correlation with roots), except Ni, exhibited negative signicant correlations with the distance from the smelter. TE contents and soil conductivity were positively correlated for Cu, Zn and Pb in the roots, stems and leaves (p < 0.01). Thus EC affects the uptake efficiency of these elements through the roots, which is in agreement with high concentrations found in the roots of R. fruticosus L. However, no signicant correlation was found between concentrations of TEs in R. fruticosus L. and the OM content in soil.
Strong correlations between Cu, Pb, As, Cd, and Ni concentrations in the roots and the soil reect an efficient uptake of these elements while those in the stem and the soil represent their efficient translocation or atmospheric deposition (p < 0.05, p < 0.01). The negative correlations of Ni in the soil, Cu in the root, and Cu, Zn and Pb in the stem (Table S1 †) suggest different mechanisms for the uptake compared with other elements. The content of Ni in all parts of R. fruticosus L. has no signicant correlations with the elements in the soil. By contrast the Ni content in the fruits of R. fruticosus L. is robustly and negatively correlated with all other elements in the soil. Therefore, it can be concluded that the content of Ni in R. fruticosus L. partially originates from the atmospheric deposition and predominantly from the mineralization of the parent rock in the observed area. 3, 50 Atmospheric deposition may increase the level of TEs in plants, and the same applies to fruits but in a lower amount due to shorter exposure. [51] [52] [53] Environmental Science: Processes & Impacts Paper Table 6 Matrix of Pearson's correlation coefficients between different blackberry parts (N In general, concentrations of TEs (except Ni) in the leaves and fruits have signicant correlations (p < 0.01) with the content in the soil, compared with correlations of soil with the roots and stems (Table S1 †). The positive signicant correlations of TEs in different parts of R. fruticosus L., excluding Ni (in all parts of R. fruticosus L.) and Pb (in the fruits) ( Table 6 ) are in agreement with the correlations determined between TEs in soil and different parts of R. fruticosus L.
Additionally, R. fruticosus L. has a large biomass and rapid growth, and represents the native plant species that are apparently well adapted to the ecological stress. Consequently, this plant is helpful in the remediation of any metalliferous areas.
Principal component analysis
Principle Component Analysis (PCA) was performed using factor extraction with an eigenvalue larger than 1 (Kaiser criterion) aer varimax rotation. The factor loadings obtained for various TEs in R. fruticosus L. and the soil are presented in Table  S2 . † The loadings that exceed 0.70 (typically regarded as excellent 54 ) are marked in bold type in Table S2 . † The results show that ve components (PCA 1-PCA 5) are with eigenvalues >1 which explains 94.5% of total variance in the dataset, with individual contributions of 55.2%, 16.4%, 11.3%, 6.0% and 5.6%, respectively.
The rst component is characterized by distinct high loadings for Cu and Zn in all parts of R. fruticosus L. and soil, Pb in the stem and leaf, and Ni in the soil. These results indicated the existence of a strong relationship between TE concentrations in R. fruticosus L. and the soil, conrming correlations shown in Tables 6 and S1. † The PCA 1 results are clearer if we consider that the annual emissions from the metallurgical processes contain around 700 t As, 217 t Pb, 1075 t Zn and other TE on the average. 55 The otation tailing pond is added to at a rate of 1.1 to 45.3 kg s À1 and represents an additional pollution source. 55 Dust particles rich in TEs and carried by dominant wind are deposited on the soil, thus contaminating both soil and the existing vegetation. These elements dominate component 1, which suggests that these variables have a similar source. From the results for soil and plant parts along with the PCA results it can be concluded that the pollution comes from the anthropogenic activities. However, Ni is excluded from this grouping since its factor loadings in soil is À0.730 which supports its geological origin.
The second and the third components (PCA 2 and PCA 3) with 16.4% and 11.3% of variance, respectively, are characterized by signicant positive values for Pb, As, and Cd in soil, Cd in the leaves, Cu, Pb, As, and Cd in the fruits (PCA 2) and As, Cd and Ni in the roots (PCA 3). Therefore, the other two factors reect emissions from the smelter and the copper mine through atmospheric deposition of TE on the soil and aboveground parts of R. fruticosus L. This grouping of elements indicates that all parts of R. fruticosus L. and even soil serve as accumulators of the examined elements from the polluted atmosphere. PCA is considered useful if the cumulative percentage of variance approaches 80%. 56 The rst three components explained 83% of the total variance and the visualization of relations among the contents of TE in soil and parts of R. fruticosus L. is illustrated in the three-dimensional (3D) space (Fig. 3) . It is evident that the Ni contents of the plant components and soil are grouped at the le-hand corner of the cube, which is consistent with contributions for this metal from a non-anthropogenic source. 
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D Conclusions
In this study, the total concentrations of the six TEs (Cu, Zn, Pb, As, Cd and Ni) in R. fruticosus L. (wild blackberry) and contaminated soils around the Bor basin are determined. Since the soils are generally highly polluted by TEs (the most with Cu and As), the wild blackberry and its parts are under constant stress of the highly increased concentrations of TE at all sites studied. Therefore, R. fruticosus L. represents a plant that is tolerant to the TEs studied because of its ability to withstand TE concentrations that exceed phytotoxic and normal values. Therefore, it may be classied as a metallophyte. This is also supported by the fact that R. fruticosus L. successfully grows and reproduces in the pollution zone studied without visible symptoms of toxication. EF soil showed that the highest enrichment was by Cu and As. Signicant negative correlations between the concentrations of Cu, Zn, Pb, As and Cd and the distance from the copper smelter as a major source of pollution conrm that pollution decreased with increasing distance from the smelter. Element enrichment factors for R. fruticosus L. parts showed signicant values at all sites and for all examined TE, except Ni. In general, the highest enrichment was calculated for the roots and leaves, and with Cu among all TEs. The three R ratios, Pearson's correlation and Principal Component Analysis results conrm that the concentration of TEs in plant parts was affected by airborne pollution originating from the copper smelter, whereas geological factors primarily contributed to the Ni concentration. Leaves of the wild blackberry appeared to be the best indicator for atmospheric pollution due to its specic anatomy. Because of this and its high abundance, blackberry can be successfully used as an effective biomonitor of pollution. On the other hand, it should be pointed out that consumption of the leaves and fruits as food is not recommended in the industrially polluted areas because the content of Cu and As exceeded phytotoxic values while the observed concentrations of the other TEs were comparable to normal.
